Online http://www. merriam-webster.com/dictionary/physiology IT IS OFTEN USEFUL TO START with definitions, and in this case it is particularly enlightening. Note first the primary descriptors in the definition above: "functions and activities." These words signify that what is being defined is inherently dynamic; "physiology" involves processes that occur over time. Also note the use of the word "phenomena": here the act of observation is invoked, which necessarily requires a specification of the level at which the observation occurs. Finally, note the counterexample presented: "compare anatomy," which leads to a definition that uses the descriptors "structure" and "parts." This simple exercise demonstrates a primary dichotomy present in the study of biology: the urge to describe the components of biological systems (genes, proteins, cell types, tissue, organs, organisms, species, etc.) and the desire to describe how those components function, i.e., physiology. Of course, both of these tasks are necessary steps in the scientific process, where the identification of the parts of a system is clearly necessary before how those parts function is examined, but they do represent separate goals, description vs. explanation, that need to be integrated to gain understanding. And, when we are examining biological systems with the putative goal of determining how best to control them, as is the case in medicine (for what is medicine than an attempt to control and steer a disease process back to one of health?), accounting for physiology is an imperative.
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The study of dynamics and the desire for control both require an accounting for generative mechanisms; these are the points where control can be exercised. But given that the complexity of biological systems makes it currently intractable to attempt to comprehensively characterize biological systems, it is necessary to utilize abstraction to provide useful and actionable understanding. Fortunately, the multiscale nature of biology allows us to define experimental frames where characterization at a particular level of observation is powerful enough to provide guidance in developing appropriate control strategies. In fact, organ level physiology, comprising classical mathematical descriptions of cardiovascular, respiratory and biomechanical function, remains the most successful application of formal abstraction in the characterization of human health; interventions that can directly translate to the variables present in these descriptions, i.e., pressures, volumes, flow rates, loading forces, etc., can be evaluated and applied with clinical success. However, as our understanding of the generative mechanisms underlying organ/tissue level physiology has become more detailed, we face challenge of identifying formal methods that can characterize cellular-molecular processes with the same clinical utility as has been done with classical physiology. Potentially "translational formalisms" are analytical and epistemological methods that can translate the output of cellular and molecular component interactions to the level of physiologically relevant disease phenotypes to link the mechanisms we impute are acting together to generate the phenomena we observe.
In this issue of the Journal of Applied Physiology, Martin and coworkers (5) provide an illustrative example of one method that has gained interest and increasing use over the past decade: agent-based modeling. Agent-based modeling is an object-oriented, discrete event, knowledge/rule-based, often spatially explicit form of dynamic computational modeling that views systems as populations of interacting components (1, 2, 4). The main benefit of agent-based modeling is that it intrinsically crosses scales of organization; inputting putative mechanisms of a system's components an agent-based model (ABM) can generate behaviors at the system-wide level. The work from Martin et al. demonstrates several benefits from agent-based modeling. First, their ABM of muscle fiber maintenance links mechanistic cellular and molecular processes with phenomenological, tissue-level observations. Phenomenological modeling (mathematical representation of the patterns of observed data) may be able to conclude that disuse is associated with atrophy (7, 8) , but if we are hoping to be able to intervene in this process we need to know more to ask the question "Why does disuse lead to atrophy?" To answer "why?" we need to engage in abductive reasoning, á la Charles Peirce's "guessing" (6) . This type of reasoning is a foundation of experimental science, aimed at increasing exploratory and explanatory capacity. The use of agent-based modeling encapsulates this process by taking mechanisms imputed at a generative scale (cellular behavior) and examining what sort of mechanistic perturbations are required to generate the phenotypes observed. This process of creating and visualizing potential explanations (essentially instantiating "thought experiments") produces hypotheses that can then be evaluated and tested using traditional experimental methods in the future. In the current paper, the investigators invoke the role of fibroblasts in the process of muscle disuse atrophy. They posit that this cell type could form a vital link between phenomenologically described physical-mechanical forces and biological behavior mediated by cell. The plausibility of the role of fibroblasts is suggested by the hypothesis instantiated in the current ABM, and therefore the model suggests a set of new experimental observations that can be made concurrent with standard experimental investigations of disuse atrophy.
Of course all computational/mathematical models must be grounded in the real world, which is often interpreted as "data," but the key to using ABMs is to recognize that they are produced rather from knowledge, i.e., interpreted and pro-cessed data. As formal representations of knowledge, ABMs should function (as all good dynamic mathematical models should) as robust but circumscribed theories: their goal is to be able to explain the widest set of observables generated from a particular system. In this case, the role of data in the scientific process is viewed from a different perspective than in the traditional sense: rather than the narrowly defined "clean" data sets with limited variability from which statistical correlations can be drawn, now the type of data desired should reflect the widest range of observable behavior as targets to be reproduced. The work of Martin et al. manifests this goal by their reproduction of a series of different muscle morphologies using the same basic model structure, thereby mirroring the process by which biology generates heterogeneity by reconfiguring modular components.
Finally, this work by Martin and colleagues demonstrates one of the most common aphorisms used to describe biology: that the whole is greater than the sum of the parts. Their finding that only the aggregation and integration of the 8 architectural parameters predicted the degree of atrophy (when none in isolation could do so) well illustrates how ABMs map well to biology through their ability to depict integrated, multiscale behavior.
Is Martin et al.'s ABM of skeletal muscle "correct?" No, it is clearly an initial step as the authors themselves acknowledge in describing its limitations. However, to paraphrase Jorge Luis Borges and capture the spirit of his short story, the goal of science is not exactitude in reproduction (3) . Rather, the role of science is to generate useful abstractions that can provide insight, enhance understanding, and, in the biomedical arena, provide a pathway toward beneficial interventions. The current work of Martin and colleagues presented in this issue of the Journal of Applied Physiology demonstrates how agent-based modeling can serve as a very useful tool in achieving those goals.
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